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Coal Combustion in the Ohio Coal Combustion in the Ohio 
ValleyValley

32 plants in KY and Ohio 32 plants in KY and Ohio 
River ValleyRiver Valley
~~ 33 GW Rated Capacity33 GW Rated Capacity
> 7 million tons of fly ash > 7 million tons of fly ash 
per year is producedper year is produced
Fly ash quality has Fly ash quality has 
generally declined due to generally declined due to 
low low NOxNOx burners and coburners and co--
firingfiring
Beneficiation needed to Beneficiation needed to 
control qualitycontrol quality
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ARE IN THE OHIO VALLEY 
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Ghent ParticipantsGhent Participants

CEMEX, Inc.CEMEX, Inc.
•• Technology Owner/ImplementerTechnology Owner/Implementer

E.ON US, LLC (KU)E.ON US, LLC (KU)
•• Host SiteHost Site

UK CAERUK CAER
•• Technology Inventor/DeveloperTechnology Inventor/Developer

U. S. U. S. DoEDoE
•• Technology ImplementerTechnology Implementer



Project ObjectivesProject Objectives

Demonstrate and Commercialize An Demonstrate and Commercialize An 
Advanced Ash Beneficiation TechnologyAdvanced Ash Beneficiation Technology

•• Increase Quality of Available Ash Increase Quality of Available Ash 
Achieve High Levels of OPC SubstitutionAchieve High Levels of OPC Substitution
Develop New Class of MaterialDevelop New Class of Material

•• Expand Materials UtilizationExpand Materials Utilization
Recover CarbonRecover Carbon
Recover AggregateRecover Aggregate
Recover Specialty Products (Recover Specialty Products (CenospheresCenospheres))



Project LocationProject Location
Ohio River

Power
Plant

Inactive Ash Pond

Active Ash
Pond

GhentGhent

LexingtonLexington

*Kentucky Utilities Company 
2,200 MW Ghent Power Plant
Carroll County, Kentucky 

*A Subsidiary of E.ON US, LLC. 
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CoresCores



Sample AnalysisSample Analysis
Core DescriptionsCore Descriptions
•• 13 vibracores13 vibracores
•• Divided into 381 samplesDivided into 381 samples

DryDry--Sieve AnalysisSieve Analysis
•• No.100 mesh No.100 mesh 

150 150 µµmm

•• 762 samples762 samples

Laser particleLaser particle--size analyzersize analyzer
•• Mean particleMean particle--sizesize

<100 mesh<100 mesh

•• % <5% <5µµm; % <10m; % <10µµmm

Weight and depth of cored holesWeight and depth of cored holes

11.3%11.3%88.7%88.7%PercentPercent

405.3405.323.5123.51184.43184.43SumSum

21.44.336.662020

30.21.5913.861919

35.81.2818.221818

30.11.3315.031717

33.91.4616.791616

31.42.9513.851515

37.51.7916.201414

34.61.5314.871313

34.02.0516.121212

37.42.2514.351111

37.01.3016.271010

31.01.3216.4099

11.00.315.8188

Total Depth Total Depth 
(ft)(ft)

>100 mesh >100 mesh 
(kg)(kg)

<100 mesh <100 mesh 
(kg)(kg)Core #Core #
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Overall coarseningOverall coarsening--
upward and laterally upward and laterally 
fining ashfining ash



35-40 ft

30-35 ft

25-30 ft

20-25 ft

15-20 ft

10-15 ft

5-10 ft

0-5 ftAverage percent of Average percent of 
unburned carbon  unburned carbon  
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Increased unburned Increased unburned 
carbon concentrations carbon concentrations 
in the distal end of the in the distal end of the 
pondpond
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Resource EstimatesResource Estimates

7,016,10729.8209,080,000405,227,000Pond Estimate

1,056,23129.831,475,68040786,892Drilled Estimate

748947489429.829.822318402231840404055796557961616

622396223929.829.818547201854720404046368463681515

577185771829.829.817200001720000404043000430001414

10532910532929.829.831388003138800404078470784701313

673566735629.829.820072002007200404050180501801212

613076130729.829.818269601826960404045674456741111

18855818855829.829.85619040561904040401404761404761010

751187511829.829.8223852022385204040559635596399

642166421629.829.8191364019136404040478414784188

394833948329.829.8117660011766004040294152941577

279062790629.829.88316008316004040207902079066

600276002729.829.8178880017888004040447204472055

133481334829.829.839776039776040409944994444

398993989929.829.8118900011890004040297252972533

643896438929.829.8191880019188004040479704797022

544435444329.829.8162240016224004040405604056011

(total)(total)(cu ft/ton)(cu ft/ton)(cu ft)(cu ft)(ft)(ft)(sq ft)(sq ft)

tons ashtons ashTonnage FactorTonnage FactorVolumeVolumeThicknessThicknessAreaAreaPolygonPolygon



Resource Estimates (cont.)Resource Estimates (cont.)

1,543,5440.22259,5960.0371,824,1880.261,052,4160.15

232,3710.2239,0810.037274,6200.26158,4350.15

16477164770.220.22277127710.0370.03719472194720.260.2611234112340.150.15

13693136930.220.22230323030.0370.03716182161820.260.26933693360.150.15

12698126980.220.22213621360.0370.03715007150070.260.26865886580.150.15

23172231720.220.22389738970.0370.03727386273860.260.2615799157990.150.15

14818148180.220.22249224920.0370.03717512175120.260.2610103101030.150.15

13488134880.220.22226822680.0370.03715940159400.260.26919691960.150.15

41483414830.220.22697769770.0370.03749025490250.260.2628284282840.150.15

16526165260.220.22277927790.0370.03719531195310.260.2611268112680.150.15

14128141280.220.22237623760.0370.03716696166960.260.26963296320.150.15

868686860.220.22146114610.0370.03710266102660.260.26592259220.150.15

613961390.220.22103310330.0370.037725672560.260.26418641860.150.15

13206132060.220.22222122210.0370.03715607156070.260.26900490040.150.15

293629360.220.224944940.0370.037347034700.260.26200220020.150.15

877887780.220.22147614760.0370.03710374103740.260.26598559850.150.15

14166141660.220.22238223820.0370.03716741167410.260.26965896580.150.15

11977119770.220.22201420140.0370.03714155141550.260.26816681660.150.15

(coarse C)(coarse C)(coarse C)(coarse C)(fine C)(fine C)(fine C)(fine C)(% <10(% <10µµm)m)
(% (% 

<10<10µµm)m)(% <5(% <5µµm)m)(% <5(% <5µµm)m)

tonstons
Average Average 
GradeGradetonstons

Average Average 
GradeGradetonstons

Average Average 
GradeGradetonstons

Average Average 
GradeGrade



Purpose of Field TestingPurpose of Field Testing

Generate large quantities of products Generate large quantities of products 
for evaluationfor evaluation
•• several tonsseveral tons

Evaluate Evaluate flowsheetflowsheet optionsoptions
•• 4 4 flowsheetflowsheet configurationsconfigurations

Develop Guidance for Commercial ScaleDevelop Guidance for Commercial Scale--
upup



General Process General Process FlowsheetFlowsheet

Primary
Classification

Primary
Classification Froth

Flotation
Froth

Flotation

Secondary
Classification

Secondary
Classification

Spiral
Concentration

Spiral
Concentration



Purpose of Unit ProcessesPurpose of Unit Processes

Primary ClassificationPrimary Classification
•• Efficiently reject +100 meshEfficiently reject +100 mesh

Spiral ConcentrationSpiral Concentration
•• Recover coarse (+100 mesh) carbon fuelRecover coarse (+100 mesh) carbon fuel
•• Recover coarse lightweight aggregateRecover coarse lightweight aggregate

Froth FlotationFroth Flotation
•• Recover fine (Recover fine (--100 mesh) carbon fuel100 mesh) carbon fuel
•• Produce low LOI Produce low LOI pozzolanpozzolan

Secondary ClassificationSecondary Classification
•• Recover UFA (Recover UFA (--10 micron) filler10 micron) filler



FlowsheetFlowsheet OptionsOptions
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CENOSPHERESCENOSPHERES



Field Testing PlantField Testing Plant
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ThickenerThickener

Secondary ClassifierSecondary Classifier

Feed SystemFeed System

Primary ClassifierPrimary Classifier

De-watering ScreenDe-watering Screen

FilterFilter

Floatation CellsFloatation Cells



6 x  2’ x 2’ x 2’ Denver Cells6 x  2’ x 2’ x 2’ Denver Cells

Van InteriorVan Interior



TRAILER
LOCATION

SAMPLE
LOCATION

Test SiteTest Site

TRAILER ROUTE



Excavation Hauling

Screening
@ 3/8”

170 ton Stockpile

Feed Sample PreparationFeed Sample Preparation



FlowsheetFlowsheet TestingTesting



Primary ClassifierPrimary Classifier
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Flotation Retention RequirementsFlotation Retention Requirements

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

4 6 8 10 12

Retention Time, minutes

20 gpm
30 gpm
40 gpm
50 gpm

Ta
ili

ng
s 

G
ra

de
, %

 L
O

I



Flotation Chemical CostsFlotation Chemical Costs
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Secondary Hydraulic ClassificationSecondary Hydraulic Classification



VVpp= G (= G (ρρss -- ρρ) D) D22 / 18/ 18µµ

where:where:
•• VVpp == rising or settling velocity of rising or settling velocity of 

discrete particlediscrete particle
•• GG == gravity constantgravity constant

•• ρρss == density of particledensity of particle

•• ρρ ==density of carrier fluiddensity of carrier fluid
•• DD == diameter of discrete particlediameter of discrete particle

•• µµ == viscosity of carrier fluidviscosity of carrier fluid

STOKES LAWSTOKES LAW

Stokes Law Assumes Stokes Law Assumes Laminar FlowLaminar Flow and that and that Particles Do Not Interact !Particles Do Not Interact !
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Classifier Classifier RtRt--SvSv ConfigurationsConfigurations
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Hydraulic Classifier ConfigurationsHydraulic Classifier Configurations



DisalDisal Dosage Dosage vsvs Recovery Recovery 
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Affect of Dispersant Dosage on Particle SizeAffect of Dispersant Dosage on Particle Size
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Affect of Dispersant Dosage on Mass FlowAffect of Dispersant Dosage on Mass Flow
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YieldYield--Recovery DataRecovery Data
DisalDisal ≥≥2 mg/kg   2 mg/kg   
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Grade/Yield All Field DataGrade/Yield All Field Data
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Grade vs. Superficial Velocity Grade vs. Superficial Velocity 
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Lab and Field ResultsLab and Field Results
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Affect of Lamellae SpacingAffect of Lamellae Spacing

Lab data, Sv and Rt held constant at 39 min and 4.1 cm/sec
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Secondary Classification ResultsSecondary Classification Results
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Secondary Classification ResultsSecondary Classification Results
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Lamellae Classifier Parameters: Lamellae Classifier Parameters: 
Ghent AshGhent Ash

SvSv: less than 10 cm/min: less than 10 cm/min
Retention Time: ~30 or Less minutesRetention Time: ~30 or Less minutes
NSF Dosage: ~2.0 to 2.5 g/KgNSF Dosage: ~2.0 to 2.5 g/Kg
•• Based on Feed SolidsBased on Feed Solids
•• 40% liquid solution (40% liquid solution (DisalDisal))

Lamellae Spacing: ~3Lamellae Spacing: ~3--4 cm4 cm
Dry Underflow (60% Solids)Dry Underflow (60% Solids)
Product:Product:
•• DD5050 = ~4.5 = ~4.5 µµmm
•• Yield = ~30% of Feed SolidsYield = ~30% of Feed Solids



Scale UpScale Up
Pilot Commercial Module
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Scale UpScale UpFeed   = 15% solids
Slurry = 125 gal/min

= 470 l/min
Solids  = 5 ton/hr
Rt = 29 min
Sv = 9 cm/min

W 1’

W 4’

W 10’

L 4’

L 8’

L 8’

LabLab

Pilot #2Pilot #2

Commercial Commercial 
ModuleModule



Scale Up of TechnologyScale Up of Technology
Feed   = 15% solids
Slurry = 125 gal/min

= 470 l/min
Solids  = 5 ton/hr
Rt = 29 min
Sv = 9 cm/min

LabLab

Pilot #2Pilot #2

Commercial Commercial 
ModuleModule

L 4’
L 8’ L 8’



Mortar and Paste ResultsMortar and Paste Results



Ca(OH)Ca(OH)22 MeasuredMeasured
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Ca(OH)Ca(OH)22 ReactedReacted
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Water Demand and Fineness DataWater Demand and Fineness Data

14600146003.03.09191Micron3 (20%)Micron3 (20%)

4580458017.817.89797Mill Creek (20%)Mill Creek (20%)

6770677013.113.19595Rockport (20%)Rockport (20%)

3270327025.825.89898Trimble (20%)Trimble (20%)

----9999Trimble (10%)Trimble (10%)

737073707.37.39696Coleman Product (20%)Coleman Product (20%)

11110111104.44.49797Mill Creek Product (20%)Mill Creek Product (20%)

4430443020.320.39393Ghent Flotation Product (20%)Ghent Flotation Product (20%)

4570457020.320.39393Ghent Ghent EconosizerEconosizer Product (20%)Product (20%)

96809680--10700107004.54.5--5.55.59393--9595Ghent Field Products (20%)Ghent Field Products (20%)

----9696--9797Ghent Field Products (10%)Ghent Field Products (10%)

----8787--8989Ghent Lab Products (40%)Ghent Lab Products (40%)

88508850--13400134003.03.0--6.06.09393Ghent Lab Products (20%)Ghent Lab Products (20%)

--11119595Underflow ProductUnderflow Product

Fineness Fineness 
(cm(cm22/g)/g)DD5050

Water Water 
%%



Mortar Data: Lab AshMortar Data: Lab Ash
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Mortar Data: Field AshMortar Data: Field Ash

1381381341341061061041042.5 2.5 µµm (SAI)m (SAI)

132132123123989896966/21 (SAI)6/21 (SAI)

1211211211211031039595#86 (SAI)#86 (SAI)

12512512312399999494#85 (SAI)#85 (SAI)

12712711611695958989#82 (SAI)#82 (SAI)

12112111611695959595#78 (SAI)#78 (SAI)

61176117559755974683468325092509Control (PSI)Control (PSI)

56day56day28day28day7day7day1day1dayTime (days)Time (days)



4.8 4.8 -- 5.55.53.2 3.2 -- 6.06.019.219.214.314.3micronsmicronsd50d50

FUFAFUFAUFAUFAFPFPEPEPProductProduct

FlowsheetFlowsheet
44

FlowsheetFlowsheet
33

FlowsheetFlowsheet
22

FlowsheetFlowsheet
11

820 820 -- 11801180700 700 -- 16001600500500620620ulul of AEA To of AEA To 
Constant 16% airConstant 16% air

Mortar AirMortar Air

126 126 -- 133133132 132 -- 14014010310313013056 Day56 Day

122 122 -- 129129129 129 -- 13513593 93 -- 10010010010028 Day28 Day

102 102 -- 107107102 102 -- 11011080 80 -- 858585857 Day7 Day

% of Control% of Control
S.A.I.S.A.I.
@20% @20% 
SubstitutionSubstitution

93 93 -- 959593 93 -- 959597 97 -- 98989696%%Water Water 
ReductionReduction

Product Evaluations in MortarProduct Evaluations in Mortar



CONCRETE DATACONCRETE DATA



Concrete SAI ComparisonConcrete SAI Comparison
Pavement MixPavement Mix
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Concrete StrengthConcrete Strength
HPC MixHPC Mix
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SAI as Function of ConcentrationSAI as Function of Concentration

40

60

80

100

120

140

0 5 10 15 20 25 30

Days

SA
I

5%SP SAI 15%SP SAI

25%SP SAI 35%SP SAI



Comparison of Ghent SP SAI with Comparison of Ghent SP SAI with 
Convention Class FConvention Class F

----91.791.856
105.3118.180.281.428
73.586.171.171.77
56.977.7----1

35%SP 
SAI

25%SP 
SAI

25% *PG 
SAI

25% *HF 
SAITime days

*Data for HF and PG averaged over 1 year, 12 replications
Courtesy of LaFarge Corp.



Carbon Carbon vsvs LOILOI
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Chloride PermeabilityChloride Permeability

Very Low150Ghent CP 40%

Very Low426Ghent CP 20%

Low1200F Ash 20%

Moderate2418Control

Rating(coulombs)

ASTM Chloride RCPConcrete Mix



Concrete Tensile and Flexural Concrete Tensile and Flexural 
Strength at 56 daysStrength at 56 days

38.362535.41056Ghent CP

70.35264.9930Trimble

27.761319.1890Control

Tensile 
Dev

Tensile 
PSI

Flexural 
Dev

Flexural 
PSISample



Evaluation of Evaluation of SuperPozzSuperPozz
as a Process Additionas a Process Addition



Ghent UFAGhent UFA

Dewatered to 65-70% solids slurry 
which will be pumpable and stable

Properties:
D50: 3 – 5 µm
density: ~2.41
LOI:  3 %
Carbon: 1 – 2



SuperPozzSuperPozz vs. GGBFS*vs. GGBFS*
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*GGBFS is 6 micron Grade 120



Results of Mortar TestingResults of Mortar Testing
GGBFS and SP slightly improved the 1 day GGBFS and SP slightly improved the 1 day 
strength activity at 2.5% substitution; at 5%, strength activity at 2.5% substitution; at 5%, 
strength was 94 strength was 94 –– 96% relative to control96% relative to control

SP consistently exhibits higher 1 day SP consistently exhibits higher 1 day 
strength activity relative to GGBFS at  2.5% strength activity relative to GGBFS at  2.5% 
and 5%and 5%

GGBFS and SP similar in 28 day strength GGBFS and SP similar in 28 day strength 
activity at 2.5% and 5%, which ranged activity at 2.5% and 5%, which ranged 
between 104 between 104 –– 107%107%



Advantages for KilnAdvantages for Kiln

Lower cost relative to ground granulated Lower cost relative to ground granulated 
blast furnace slag (FOB cement plant)blast furnace slag (FOB cement plant)

Extend clinker, increase production Extend clinker, increase production 
capacity with a minor capital investmentcapacity with a minor capital investment

Improved grinding efficiency*Improved grinding efficiency*

*Grinding efficiency of the mills should be improved due to the 
finely divided state and spherical morphology of the fly ash; 
grinding addition rate should also decrease

Early and ultimate strength improved atEarly and ultimate strength improved at
2.5% substitution rate2.5% substitution rate

Reduced COReduced CO22 EmissionEmission



Advantages for ProjectAdvantages for Project

Simplify Project StartupSimplify Project Startup
•• Greatly Reduced Marketing IssuesGreatly Reduced Marketing Issues

Eliminate Need for Dryer*Eliminate Need for Dryer*
•• Greatly Reduced Capital CostGreatly Reduced Capital Cost

* Slurry will contribute 1.1 – 1.3% water relative to the 
clinker, which will be part of the cooling water



RecommendationsRecommendations

Conduct mortar and concrete testing 
of industrially ground cement at CAER 
and Cemex USA

Conduct an industrial trial with 2.5% 
SuperPozz according to ASTM C465 
guidelines



Field Testing: ConclusionsField Testing: Conclusions

Reasonable Scale Up Factors.Reasonable Scale Up Factors.
Modest Reagent Costs.Modest Reagent Costs.
Recovery of High Quality Products.Recovery of High Quality Products.
•• Excellent Fineness.Excellent Fineness.
•• High Strength Index.High Strength Index.

Reasonable Capital Costs.  Reasonable Capital Costs.  



2.82.8--2.82.8--tphtphFine CarbonFine Carbon

27002700--27002700--Btu/lb (Btu/lb (dmfdmf))

54005400540054005400540054005400Btu/lb (Btu/lb (dmfdmf))
0.40.40.40.40.40.40.40.4tphtphCoarse Coarse 

CarbonCarbon

30303030----% Moisture% Moisture
<3<32.52.5----% LOI% LOI

13.113.114.014.0----tphtph
UFAUFA

----20202020% Moisture% Moisture
----2.32.33.53.5% LOI% LOI
----43.743.746.546.5tphtph

PozzolanPozzolan

4.584.58--5.525.523.883.88--4.484.480.8280.8280.0330.033$/product ton $/product ton 
((pozzolanpozzolan or UFA)or UFA)

1.521.52--1.751.751.081.08--1.351.350.6220.6220.0290.029$/feed ton$/feed ton
Additive CostAdditive Cost

$4.21M$4.21M$3.44M$3.44M$4.00M$4.00M$3.24M$3.24MTotal Installed Equipment CostTotal Installed Equipment Cost
XXXX22ndnd ClassificationClassification
XXXXFroth FlotationFroth Flotation
XXXXXXXXSpiral ConcentrationSpiral Concentration
XXXXXXXXPrimary ClassificationPrimary Classification

Unit Unit 
ProcessesProcesses

44332211FlowsheetFlowsheet

Comparisons for 50 Comparisons for 50 tphtph Design BasisDesign Basis



Operating Costs 50 Operating Costs 50 tphtph BasisBasis
4321FloesheetFloesheet

$780,080$744,469$745,615$537,305Total Operating CostTotal Operating Cost

$70,916$67,679$67,783$48,84610% 10% OperOper. Contingency. Contingency

$709,163$676,790$677,832$488,459Tot.  Plant Tot.  Plant OperOper. Cost. Cost

$36,000$36,000$36,000$36,000Loader LeaseLoader Lease

$167,428$178,931$0$0Chemicals/UFAChemicals/UFA

$0$0$150,887$6,384Chemicals/FlotationChemicals/Flotation

$246,170$246,170$246,170$246,170LaborLabor

$50,960$50,960$50,960$50,960DeselDesel FuelFuel

$0$0$0$0Fuel (Drying)Fuel (Drying)

$147,015$103,139$132,224$87,355PowerPower

$61,590$61,590$61,590$61,590Maintenance ($0.30/Feed ton)Maintenance ($0.30/Feed ton)

Plant Operating CostsPlant Operating Costs



Costs Per Ton Product mixCosts Per Ton Product mix

$14.31$12.78$4.10$2.78Total Operating CostTotal Operating Cost

$1.30$1.16$0.37$0.2510% 10% OperOper. Contingency. Contingency

$13.01$11.62$3.73$2.53Tot.  Plant Tot.  Plant OperOper. Cost. Cost
$0.66$0.62$0.20$0.19Loader LeaseLoader Lease
$3.07$3.07$0.00$0.00Chemicals/UFAChemicals/UFA
$0.00$0.00$0.83$0.03Chemicals/FlotationChemicals/Flotation
$4.52$4.23$1.35$1.27LaborLabor
$0.94$0.88$0.28$0.26DeselDesel FuelFuel
$0.00$0.00$0.00$0.00Fuel (Drying)Fuel (Drying)
$2.70$1.77$0.73$0.45PowerPower
$1.13$1.06$0.34$0.32

Maintenance ($0.30/Feed Maintenance ($0.30/Feed 
ton)ton)

4 (100%UFA)3 (100%UFA)2 (100%Poz)1 ( 100% Poz)FlowsheetFlowsheet



Phase II Phase II 

Submit Continuation, 7/1/06Submit Continuation, 7/1/06
CemexCemex Review of Data, 7/6/06Review of Data, 7/6/06
DownDown--select select FlowsheetFlowsheet, 9/1/06, 9/1/06
USDoEUSDoE Review of Continuation Review of Continuation 
Complete 9/1/06Complete 9/1/06



Task 2, 6 MonthsTask 2, 6 Months

2.2.3 Cost Estimate2.2.3 Cost Estimate
2.2.2 Detailed Design Drawings2.2.2 Detailed Design Drawings
2.2.1 A&E Selection2.2.1 A&E Selection
Subtask 2.2 Detailed Engineering Design, 3 MonthsSubtask 2.2 Detailed Engineering Design, 3 Months

2.1.2.4 Design Review and Comment2.1.2.4 Design Review and Comment
2.1.2.3 Equipment List2.1.2.3 Equipment List
2.1.2.2 Final Preliminary Design2.1.2.2 Final Preliminary Design
2.1.2.1 Plant Sizing2.1.2.1 Plant Sizing

2.1.2 Preliminary Plant Design2.1.2 Preliminary Plant Design
2.1.1.2 Solids Balance2.1.1.2 Solids Balance
2.1.1.1 Water Balance2.1.1.1 Water Balance

2.1.1 Flow Diagrams2.1.1 Flow Diagrams
Subtask 2.1  Preliminary Plant Design, 3 MonthsSubtask 2.1  Preliminary Plant Design, 3 Months


